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Abstract
We explore constraints on the scalar coupling in a family nonuniversal U(1)′ ex-
tension of the standard model free from anomalies with a complex scalar dark matter
particle. From unitarity and stability of the Higgs potential, we find the full set of
bounds and order relations for the scalar coupling constants. Using recent data from
the CERN-LHC collider, we study the signal strenght of the diphoton Higgs decay,
which imposes very stringent bounds to the scalar couplings and other scalar param-
eters, including parameters associated to the dark matter. Taking into account these
constraints, the observable relic density of the Universe, and the limits from LUX col-
laboration for direct detection, we obtain allowed masses for the dark matter particle
as low as 55 GeV. By assuming that the lightest scalar boson of the model corresponds
to the observed Higgs boson, we evaluate deviations from the SM of the trilineal Higgs
self-coupling. The conditions from unitarity, stability and Higgs diphoton decay data
allow trilineal deviations in the range 0 ≤ δg . −72%.
1 Introduction
After the observation of an 125 GeV scalar particle at CERN-LHC by the ATLAS and CMS
collaborations [1, 2], the electroweak symmetry breaking mechanism has been experimentally
stablished. Now, one of the highest priorities of the LHC experiments is to measure precisely
the strenghts of the couplings of the Higgs boson to fermions and vector bosons [3], which will
allow to look for new states associated with the breaking symmetry mechanism in models
beyond the standard model (SM) [4]. In particular, family nonuniversal U(1)′ symmetry
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models have many well-established motivations. For example, they provide hints for solving
the SM flavor puzzle [5], where even though all the fermions acquire masses at the same
scale, υ = 246 GeV, experimentally they exhibit very different mass values. These models
also imply a new Z ′ neutral boson, which contains a large number of phenomenological
consequences at low and high energies [6]. In addition to the new neutral gauge boson Z ′,
an extended fermion spectrum is necessary in order to obtain an anomaly-free theory. Also,
the new symmetry requires an extended scalar sector in order to i.) generate the breaking
of the new Abelian symmetry and ii.) obtain heavy masses for the new Z ′ gauge boson and
the extra fermion content. Another consequence of an extended Higgs sector is that they
may produce deviations of the Higgs self-coupling, which could provide an interesting test
for the SM Higgs boson from future measurents at the LHC collider [7].
On the other hand, the nonuniversal U(1)′ extension of the type introduced by authors
in references [8] and [9], it was proposed an extended scalar sector with two scalar doublets
and two singlets with nontrivial U(1)′ charges, where the lightest scalar singlet is taken as
candidate for scalar dark matter (DM) [10]. Some phenomenological consequences of this
model have been studied in the above references, with special emphasis in the neutral gauge
and Yukawa sectors.
The main purpose of this paper is to determine some constraints on the parameters of
the Higgs potential of the model, first by imposing theoretical bounds through unitarity and
vacuum stability, and later by evaluating possible couplings of the observed Higgs boson to an
extra scalar sector using experimental data at CERN-LHC. In particular, the signal strenght
of Higgs boson decays to diphotons offers a clean signal to constraint new physics associated
to extra scalar sectors, where one loop contributions from the charged Higgs bosons is taken
into account. Also, since the diphoton signal strenght depends on the branching ratio with
the total Higgs boson decay, it is possible to evaluate the effects of a light DM component
as an invisible final state, where the scalar coupling to DM can be constrained. From these
constraints and the limits from DM direct and indirect experiments, we obtain new limits
on the mass values for light DM. Finally, we obtain the Higgs self-coupling of the lightest
Higgs boson in order to evaluate deviations from the SM prediction.
This paper is organized as follows. Section 2 is devoted to describe the spectrum and most
important properties of the model. We also show the scalar couplings, including rotations
into mass eigenvectors and trilineal interactions. In section 3, we obtain constraints on the
coupling constants of the Higgs potential from unitarity and stability conditions, where we
use the whole space of parameters in order to obtain the most general bounds. In section 4,
we obtain constraints in the space of parameters accessible to the observed decay of the Higgs
boson to diphoton. For simplicity, in this section some parameters are taken to be equal.
In section 5 we discuss additional constraints from the DM direct and indirect experiments.
Deviations to the SM Higgs self-coupling is evaluated in Section 6. Finally, we summarize
our conclusions in section 7.
32 The Model
2.1 Particle content
The particle content of the model [8] is composed of ordinary SM particles and new exotic
non-SM particles, as shown in Tables 1 and 2, respectively, where column Gsm indicates the
transformation rules under the SM gauge group (SU(3)c, SU(2)L, U(1)Y ), column U(1)X
contains the values of the new quantum number X, and in the column labeled “Feature”,
we describe the type of field. Some properties of this spectrum are as follows:
1. The U(1)X symmetry is nonuniversal only in the left-handed SM quark sector: the
quark family i = 3 has X3 = 1/3 while families i = 1, 2 have X1,2 = 0.
2. In order to ensure cancellation of the gauge chiral anomalies, the model includes in the
quark sector three extra singlets T and Jn, where n = 1, 2. They are quasichiral, i.e.
chiral under U(1)X and vector-like under Gsm.
3. The most natural way to obtain massive neutrinos, according with the evidences of
neutrino oscilations, is through a see-saw mechanism, which require the introduction of
extra majorana neutrinos. Thus, to obtain a realistic model compatible with massive
neutrinos, we include new neutral leptons (νiR)
c and N iR.
4. An additional scalar doublet φ2 identical to φ1 under Gsm but with different U(1)X
charges is included in order to avoid massless charged fermions, and where the indi-
vidual vacuum expectation values (VEVs) are related to the electroweak VEV through
the relation υ =
√
υ21 + υ
2
2.
5. An extra scalar singlet χ0 with VEV υχ is required to produce the symmetry breaking
of the U(1)X symmetry. We assume that it happens at a large scale υχ  υ.
6. Another scalar singlet σ0 is introduced, which will be a DM candidate. Thus, this
scalar must accomplish the following properties [9]:
(i) Since σ0 acquires nontrivial charge U(1)X , it must be complex in order to obtain
massive particles necessary for DM.
(ii) Terms involving odd powers of σ0 induce decay of the DM, which spoils the
prediction of the model for the DM relic density. Thus, we demand the following
global symmetry
σ0 → eiθσ0. (1)
(iii) In order to avoid the above symmetry to break spontaneously or new sources of
decay, σ0 must not generate VEV during the evolution of the Universe. Thus, we
demand υσ = 0.
7. Finally, an extra neutral gauge boson Z ′µ is required to obtain a local U(1)X symmetry.
With the above conditions, we construct the Higgs potential.
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2.2 Higgs potential
The most general, renormalizable, Gsm × U(1)X invariant potential and consistent with the
global symmetry (1) is
V = µ21 |φ1|2 + µ22 |φ2|2 + µ23 |χ0|2 + µ24 |σ0|2
+ f2
(
φ†2φ1χ0 + h.c.
)
+ λ1 |φ1|4 + λ2 |φ2|4 + λ3 |χ0|4 + λ4 |σ0|4
+ |φ1|2
[
λ6 |χ0|2 + λ′6 |σ0|2
]
+ |φ2|2
[
λ7 |χ0|2 + λ′7 |σ0|2
]
+ λ5 |φ1|2 |φ2|2 + λ′5
∣∣∣φ†1φ2∣∣∣2 + λ8 |χ0|2 |σ0|2 . (2)
As shown in [9], the above potential lead us to the following mass eigenvectors:
(
G±
H±
)
= Rβ
(
ω±1
ω±2
)
,
(
G0
A0
)
= Rβ
(
z1
z2
)
,(
h0
H0
)
= Rα
(
h1
h2
)
,
(
Hχ
Gχ
)
∼ I
(
h3
z3
)
, (3)
where I is the identity, and the rotation matrices are defined according to
Rβ,α =
(
Cβ,α Sβ,α
−Sβ,α Cβ,α
)
, (4)
The rotation angles β and α are:
tan β = Tβ =
υ2
υ1
, (5)
sin 2α ≈ sin 2β
[
1−
√
2C2βS2βυ
2
f2υχ
(
λ1C
2
β −
λ5 + λ
′
5
2
C2β − λ2S2β
)]
, (6)
while the eigenvalues for the dominant contributions are:
M2H± ≈ M2H0 ≈M2A0 ≈ −
√
2f2υχ
S2β
,
M2Hχ ≈ 2λ3υ2χ,
M2h0 ≈ 2υ2
[
λ1C
4
β + (λ5 + λ
′
5)C
2
βS
2
β + λ2S
4
β
]
. (7)
5On the other hand, by assuming that the lightest scalar field h0 corresponds to the
observed Higgs boson, we are interested in the following trilineal couplings:
Vh0 = gH±H
+H−h0 + gσσ0σ∗0h0 +
g3h
3!
h30, (8)
where the couplings are defined as
gH± = υCβ
(
λ5C
2
βCα + 2λ1S
2
βCα − λ′5SβCβSα
)
+ υSβ
(
λ5S
2
βSα + 2λ2C
2
βSα − λ′5SβCβCα
)
,
gσ = υ (λ
′
6CαCβ + λ
′
7SαSβ) ,
g3h = 6υ
[
λ1CβC
3
α + λ2SβS
3
α +
λ5 + λ
′
5
2
(CβSα + SβCα)CαSα
]
(9)
3 Theoretical constraints
First, we consider the theoretical constraints of the Higgs potential from unitarity and vac-
uum stability.
3.1 Unitarity
In order to calculate the tree unitarity bounds of the model, we use the LQT method [11]
developed by Lee, Quigg and Thacker [12]. It is based in the unitarity condition of the
S-matrix at tree level (through the optical theorem) and the change of the longitudinal
components of the massive vector boson fields by the respective Goldstone bosons in the
limit at high energies according to the equivalence theorem. This method has been used in
the analysis of two Higgs doublet models (THDM) in previous works [13, 14] and recently
in an extended THDM with an additional scalar singlet [15].
At high energies, the dominant contribution to the two-body scattering processes comes
from the quartic terms of the potential. Thus, the unitarity bound for the s-wave amplitude
of the M-matrix in the partial wave decomposition
|a0| ≤ 1
2
, (10)
is reduced to the condition
|Q| ≤ 8pi, (11)
with Q all the quartic couplings in the scalar sector. In order to apply this condition, it is
convenient to calculate the eigenvalues of theM-quartic matrix Q in two particle processes.
In our case, the quartic terms of the Higgs potential in Eq. (2) are:
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V4 = λ1 |φ1| 4 + λ2 |φ2| 4 + λ3 |χ0| 4 + λ4 |σ0| 4
+ λ5 |φ1| 2 |φ2| 2 + λ′5
∣∣∣φ†1φ2∣∣∣2 + λ8 |χ0| 2 |σ0| 2
+ |φ1| 2
[
λ6 |χ0| 2 + λ′6 |σ0| 2
]
+ |φ2| 2
[
λ7 |χ0| 2 + λ′7 |σ0| 2
]
, (12)
with the scalar field representations from tables 1 and 2. In this way according with the
LQT method, the Q-matrix can be expressed as an 18 × 18 matrix with three indepen-
dent block diagonal matrices M1(6 × 6), M2(9 × 9) and M3(3 × 3) which do not couple
with each other due to charge conservation and CP-invariance [13]. First, in the basis
(ω+1 ω
−
2 , ω
+
2 ω
−
1 , h1z2, h2z1, z1z2, h1h2) the symmetric submatrix M1 is given by:
M1 =

0 λ5 + λ
′
5 iλ
′
5/2 −iλ′5/2 λ′5/2 λ′5/2
∗ 0 −iλ′5/2 iλ′5/2 λ′5/2 λ′5/2
∗ ∗ λ5 + λ′5 0 0 0
∗ ∗ ∗ λ5 + λ′5 0 0
∗ ∗ ∗ ∗ λ5 + λ′5 0
∗ ∗ ∗ ∗ ∗ λ5 + λ′5
 (13)
with eigenvalues
e1 = λ5,
e2 = λ5 + 2λ
′
5,
f± = ±
√
λ5(λ5 + 2λ′5),
f1 = f2 = λ5 + λ
′
5. (14)
The next basis of scattering processes corresponds to (ω+1 ω
−
1 , ω
+
2 ω
−
2 ,
z1z1√
2
, z2z2√
2
, h1h1√
2
, h2h2√
2
,
z3z3√
2
, h3h3√
2
, σ∗0σ0) where the
√
2 factor accounts for identical particles, where:
M2 =
4λ1 λ5 + λ
′
5
√
2λ1
λ5√
2
√
2λ1
λ5√
2
λ6√
2
λ6√
2
2λ′6
∗ 4λ2 λ5√2
√
2λ2
λ5√
2
√
2λ2
λ7√
2
λ7√
2
2λ′7
∗ ∗ 3λ1 12(λ5 + λ′5) λ1 12(λ5 + λ′5) λ62 λ62
√
2λ′6
∗ ∗ ∗ 3λ2 12(λ5 + λ′5) λ2 λ72 λ72
√
2λ′7
∗ ∗ ∗ ∗ 3λ1 12(λ5 + λ′5) λ62 λ62
√
2λ′6
∗ ∗ ∗ ∗ ∗ 3λ2 λ72 λ72
√
2λ′7
∗ ∗ ∗ ∗ ∗ ∗ 3λ3 λ3
√
2λ8
∗ ∗ ∗ ∗ ∗ ∗ ∗ 3λ3
√
2λ8
∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 24λ4

.(15)
7Its analytical eigenvalues are 2λ1, 2λ2, 2λ3 and
a± = λ1 + λ2 ±
√
(λ1 − λ2)2 + (λ′5)2. (16)
The remaining four eigenvalues bj, j = 1, 2, 3, 4 comes from the solutions of a quartic poly-
nomial equation that is not included here, nevertheless it gives two double degenerate eigen-
values that according to Eq. (11) satisfy
λ1 + λ2 +
2
3
λ3 + 4λ4 ≤ 16pi. (17)
Finally, in the basis (h1z1, h2z2, h3z3) we obtain:
M3 =
 2λ1 0 00 2λ2 0
0 0 2λ3
 . (18)
Thus, taking the unitarity condition from Eq. (11), we find the bound
e1, |e2| , |f±| , |f1| , 2λ1, 2λ2, 2λ3, |a±| , |bj| ≤ 8pi. (19)
3.2 Vacuum stability
The stability condition in the strong sense of [16] can be implemented by the definition of
the K like matrices
K =
(
φ†1φ1 φ
†
2φ1
φ†1φ2 φ
†
2φ2
)
, L =
(
χ∗0χ0 0
0 σ∗0σ0
)
, M =
(
φ†1φ1 0
0 χ∗0χ0
)
(20)
N =
(
φ†1φ1 0
0 σ∗0σ0
)
, P =
(
φ†2φ2 0
0 χ∗0χ0
)
, Q =
(
φ†2φ2 0
0 σ∗0σ0
)
.
The above matrices can be decomposed in terms of the Pauli matrices. For example, the
components of K can be written as:
Kij =
1
2
(
K0δij +Kaσ
a
ij
)
, (21)
where K0 = φ
†
iφi and Ka = (φ
†
iφj)σ
a
ij for i, j ∈ {1, 2} and a = 1, 2, 3. Extending the above
decomposition to all matrices, we obtain the following components:
K :
{
φ†1φ1 = (K0 +K3)/2, φ
†
1φ2 = (K1 + iK2)/2,
φ†2φ2 = (K0 −K3)/2, φ†2φ1 = (K1 − iK2)/2,
(22)
L :
{
χ∗0χ0 = (L0 + L3)/2,
σ∗0σ0 = (L0 − L3)/2,
(23)
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M :
{
φ†1φ1 = (M0 +M3)/2
χ∗0χ0 = (M0 −M3)/2
, N :
{
φ†1φ1 = (N0 +N3)/2,
σ∗0σ0 = (N0 −N3)/2,
(24)
P :
{
φ†2φ2 = (P0 + P3)/2
χ∗0χ0 = (P0 − P3)/2
, Q :
{
φ†2φ2 = (Q0 +Q3)/2,
σ∗0σ0 = (Q0 −Q3)/2.
(25)
Thus, the potential in Eq. (12) become:
V4 =
∑
r
V4r, r = K,L,M,N, P,Q, (26)
which can be written as [16] :
V4r = ηr00r
2
0 + 2r0ηrra + raErrb, (27)
with
ηK00 =
1
4
(λ1 + λ2 + λ5), ηL00 =
1
4
(λ3 + λ4 + λ8),
ηM00 =
1
4
λ6, ηN00 =
1
4
λ′6, ηP00 =
1
4
λ7, ηQ00 =
1
4
λ′7,
(28)
ηK =
1
4
 00
λ1 − λ2
 , ηL = 14
 00
λ3 − λ4
 ,
ηr = 0, r = M,N,P,Q
(29)
EK =
1
4
 λ′5 0 00 λ′5 0
0 0 λ1 + λ2 − λ5
 , EL = 1
4
 0 0 00 0 0
0 0 λ3 + λ4 − λ8
 . (30)
The strong stability condition requires that fr(ui) > 0 for all ui in a set I = {u1, ..., un}
[16], where the function fr(u) is defined as
fr(u) = u+ ηr00 − ηTr (Er − u)−1ηr, (31)
and its derivative:
f ′r(u) = 1− ηTr (Er − u)−2ηr. (32)
For example, if r = K, we obtain:
fK(u) = u+
1
4
(λ1 + λ2 + λ5)− (λ1 − λ2)
2
4(λ1 + λ2 − λ5 − 4u) ,
f ′K(u) = 1−
(λ1 − λ2)2
(λ1 + λ2 − λ5 − 4u)2 .
The roots of the derivative are:
9f ′K(u) = 0 −→
{
u1 =
1
4
(2λ2 − λ5),
u2 =
1
4
(2λ1 − λ5).
We evaluate the stability condition fK(ui) > 0 in the set I = {0, u1, u2, µ}, where µ =
λ′5/4 corresponds to the doubly degenerated eigenvalue of the EK matrix such that fK(µ) is
finite and f ′K(µ) ≥ 0, obtaining:
fK(0) > 0 → 4λ1λ2 > λ25. (33)
fK(u1,2) > 0 → λ1 + λ2 > 0, (34)
fK(µ) > 0 → 4λ1λ2 > (λ5 + λ′5)2. (35)
With an identical procedure for fL(ui) > 0, we obtain:
4λ3λ4 > λ
2
8, (36)
λ3 + λ4 > 0, (37)
The matrices Er for r = M,N,P,Q are reduced trivially to one element (eigenvalue) due
to (29)
V4M = MaEMabMb, V4N = NaENabNb,
V4P = PaEPabPb, V4Q = QaEQabQb, (38)
obtaining from the condition fr(0) > 0
λ6 > 0, λ
′
6 > 0, λ7 > 0, λ
′
7 > 0. (39)
3.3 Combined constraints
The unitarity conditions in Eqs. (17) and (19) and the stability ones (33-37) and (39), can
be combined in order to obtain a more suitable parameter space. In this way, the final
combined conditions are
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0 < λ1,2,3 < 4pi, (40)
λ4 > 0, (41)
λ5 ≤ 8pi, (42)
λ5 + 2λ
′
5 ≤ 8pi (43)
λ1 + λ2 +
2
3
λ3 + 4λ4 ≤ 16pi, (44)
|λ5| < 2
√
λ1λ2, (45)
|λ5 + λ′5| < 2
√
λ1λ2, (46)
|λ8| < 2
√
λ3λ4, (47)
λ6,7 > 0, (48)
λ′6,7 > 0. (49)
4 Diphoton Higgs decay
In the SM, the decay of the Higgs boson to diphoton is mediated by fermions and charged
vector boson loops. In the U(1)′ model, there is an additional contribution due to the charged
Higgs boson loops, obtaining the total diphoton Higgs width [17]
Γ(h0 → γγ) =
α2M3h0
256pi3υ2
∣∣∣∣∣F1(τW ) +∑
f
NcfQ
2
fF1/2(τf ) + gH±F0(τH±)
∣∣∣∣∣
2
, (50)
where Ncf and Qf are the color and electric charge factors, respectively, and:
τa =
4M2a
M2h0
, (51)
for a = W, f and H±. The loop factors are:
F1 = 2 + 3τ + 3τ(2− τ)f(τ),
F1/2 = −2τ [1 + (1− τ)f(τ)],
F0 = τ [1− τf(τ)], (52)
with:
f(τ) =
{[
sin−1(1/
√
τ)
]2
, τ ≥ 1
−1
4
[ln (η+/η−)− ipi]2 , τ < 1
(53)
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where η± = 1±
√
1− τ . The charged Higgs coupling gH± is given by Eq. (9).
On the other hand, the theoretical signal strenght is defined as the ratio between the
h0 → γγ branching decay of the U(1)′ model and the SM prediction:
Rγγ =
Br(h0 → γγ)
Br(h0 → γγ)SM . (54)
We identify two scenarios according to the mass of the DM candidate of the model:
- Scenario I: If Mσ > Mh0/2 ≈ 63 GeV, the decay of the Higgs boson to DM pair is
kinematically forbidden. By assuming that the final states of the Higgs boson decay
are of SM nature, then the signal strenght can be approximated as
Rγγ ≈ Γ(h0 → γγ)
Γ(h0 → γγ)SM . (55)
where the width of the SM is the same as Eq. (50) but without the F0 factor.
- Scenario II: If Mσ ≤ Mh0/2 ≈ 63 GeV, the decay of the Higgs boson to DM pair is
allowed. In this case, the total decay width can be separated in decays to SM particles
and decay to DM particles. Thus, we obtain:
Rγγ ≈
Γ(h0 → γγ)× ΓSMh0
Γ(h0 → γγ)SM ×
[
ΓSMh0 + Γ(h0 → σσ∗)
] . (56)
where ΓSMh0 is the total decay width of the SM Higgs boson, while the width to DM
pair is:
Γ(h0 → σσ∗) = g
2
σ
16piMh0
√
1− 4M
2
σ0
M2h0
, (57)
and the coupling gσ is given in (9).
According to the trilineal couplings gH± and gσ in Eq. (9), the signal strenght depends
on the Higgs couplings λ1,2,5 and λ
′
5,6,7 from the quartic terms of the potential, which we
rewrite as follow:
V4 = λ1 |φ1|4 + λ2 |φ2|4 + λ5 |φ1|2 |φ2|2 + λ′5
∣∣∣φ†1φ2∣∣∣2
+ λ′6 |φ1|2 |σ0|2 + λ′7 |φ2|2 |σ0|2 . (58)
In order to evaluate the constraints from the diphoton decay, we impose some assump-
tions of our space of parameters. First, since the scalar couplings λ1 and λ2 show the same
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theoretical constraints as observed in the subsection 3.3, we can assume only one characteris-
tic diagonal coupling constant λD = λ1 = λ2. Thus, we suppose that each doublet φ1 and φ2
shows the same self-interaction separately. On the other hand, there are two types of mixing
couplings between both doublets, distinguished by the coupling constants λ5 and λ
′
5. In
this case, we also assume one characteristic coupling for the mixing interaction between the
scalar doublets. Thus, we choose λ5 = λ
′
5 as the mixing coupling between φ1 and φ2. For the
interactions of the scalar doublets with the scalar singlet σ0, we assume that λ
′ = λ′6 = λ
′
7.
For the numerical analysis, it will be convenient to define the ratio
rλ =
λ5
λD
. (59)
With the above parametrization, the constraints from Eqs. (40), (46) and (49) become:
0 < λD = λ1 = λ2 < 4pi
−1 < rλ = λ5λD =
λ′5
λD
< 1
λ′ = λ′6 = λ
′
7 > 0. (60)
The charged and DM scalar coupling functions from Eqn. (9) become:
gH± = υλD
(
S2βS(α+β) + rλC2βC(α+β)
)
gσ = υλ
′Cα−β, (61)
while the rotation angles and the mass of the Higgs boson h0 in Eqs. (6) and (7) can be
written as:
sin2 α ≈ sin2 β
[
1 +
4υ2
M2H±
C2βC
2
βλD(1− rλ)
]
(62)
M2h0 ≈ 2υ2λD
[
1− 1
2
S22β(1− rλ)
]
, (63)
where the mass M2H± is proportional to the large scale f2υχ. However, since at dominant
order the spectrum is degenerated, it could be replaced by any of the other two neutral Higgs
bosons, according to Eq. (7).
For the numerical analysis, we use the experimental data of the diphoton signal strenght
Rγγ = 1.55
+0.33
−0.28 obtained by ATLAS [18] and Rγγ = 1.54
+0.46
−0.42 at CMS [19] for Mh0 = 125.5
GeV.
4.1 Scenario I
The set of parameters involved in the diphoton Higgs decay in the scenario I is
(Tβ, Tα, λD, rλ,MH±). However, the two relations shown in Eqs. (62) and (63) impose model-
dependent constraints that reduces the number of free parameters. If we initially take into
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account only the relation between angles from (62), then the signal strenght in (55) depends
on (Tβ, λD, rλ,MH±).
Taking into account that the SM prediction for the diphoton branching is Br(h0 →
γγ)SM = 2.28 × 10−3, while its total width is Γh0 = 4.07 × 10−3 GeV for a 125 GeV SM
Higgs boson [20] we obtain the following constraints:
1. Fig. 1 displays contour plots in the plane Tβ − λD for different values of the ratio
rλ. We fix the charged Higgs mass at MH± = 300 GeV. Since CMS reports a larger
uncertainty range for the signal strenght, we can see broader regions than from ATLAS
data in some plots. In particular, we see larger allowed intervals for small and negative
rλ values. Thus, for example, if rλ = −0.05 and Tβ = 20, we see allowed intervals
as large as λD = [0.1, 0.8]. If Tβ decreases near 10, the λD coupling can be larger
than 2, but with small allowed intervals. We also see a very thin area for smaller Tβ.
A similar behavior is observed for other negative values, as shown in rλ = −0.2 and
−0.5 plots. For positive rλ values, the allowed bands change as shown, which exhibits
smaller intervals.
On the other hand, if we impose the mass constraint from Eq. (63) with Mh0 = 125.5
GeV, one of the three parameters (Tβ, λD, rλ) can be fixed as function of the others
two. For example, the dashed lines in plots at Fig. 1 correspond to λD as function
of Tβ for the six rλ values, obtaining very stringent constraints. First, we see that λD
takes values below 0.5. Also, we see that although the plot with rλ = −0.05 exhibits
broader allowed areas, the mass constraint exclude most of the region. This case is
compatible with CMS data for Tβ ≥ 14 and λD = 0.13, while both, ATLAS and CMS
points cut the dashed line for Tβ = 1.7 and 0.6 at λD around 0.2. For rλ = −0.2, the
dashed line go through the experimental allowed regions for Tβ ≥ 5.3. Other values of
rλ are practically ruled out except for puntual values or very narrow regions.
2. The above constraints are obtained for particular values of the ratio rλ. In order to
explore other solutions, we plot the allowed regions in the plane λD − rλ for different
values of Tβ, as shown in Fig. 2. The case with Tβ = 0.5 is completely excluded by
the data if we take into account the mass constraint (dashed line). For Tβ = 1, we find
a narrow allowed interval around (λD, rλ) = (0.17, 0.5). Only for large Tβ values, we
obtain broader regions. For Tβ = 10, the experimental data are compatible with the
mass constraint from Eq. (63) at λD = 0.13 and rλ in the range between −0.07 and
0.3.
3. In the above constraints, we fixed the heavy scale at MH± = 300 GeV. However, the
conclusions do not change significantly for larger values. To explore this, we show in
Fig. 3 the allowed region in the plane MH±−Tβ, which exhibits a small variation with
the mass.
4.2 Scenario II
In this case, the signal strenght from Eq. (56) depends on two additional parameters:
(λ′,Mσ0). According to the last plot in Fig. 2 (for Tβ = 10), both constraints in Eqs. (62)
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and (63) are compatible with the experimental data at λD near 0.13 and the central value
rλ = −0.3. Using these values, we show in Fig. 4 the allowed points in the plane (Mσ0 , λ′).
We can see that the coupling with σ0 takes small values at low masses and increases near
the kinematic limit at 63 GeV. For example, allowed range of λ′ between 0.02 and 0.08 is
obtained for a 25 GeV DM candidate, while for a 60 GeV DM, the range become broader
with values between 0.03 and 0.15.
On the other hand, in order to evaluate the effects of invisible Higgs decays due to DM
candidates on the diphoton signal strenght, we obtain again the contours in the plane (λD, rλ)
for different values of λ′. Fig. 5 shows the allowed regions for Mσ0 = 60 GeV and Tβ = 10.
We see that large λ′ values produces large negative values on rλ. The dashed line in the
plots corresponds to the mass constraint from Eq. (63). Taking into account this constraint,
we obtain the ranges rλ = [−0.1,−0.35], [−0.2,−0.45] and [−0.33,−0.6] for λ′ = 0.05, 0.1
and 0.15, respectively.
5 Constraints for light dark matter
We can combine the data from DM direct and indirect detection experiments to explore
additional implications and constraints of the model. Specifically, taking into account the
constraints from the diphoton decay, we explore the allowed regions for light DM compatible
with the observed DM relic density [21] and the limits from the LUX collaboration for the
DM-nucleon cross section [22]. We use the micrOMEGAs software [23].
5.1 Relic density
If we assume that σ0 is the single DM component of the Universe, we can calculate the
DM relic density from all dispersions of σ0 into the ordinary SM matter, as described in
detail in reference [9]. Taking into account that the current limit for DM relic density is
Ωh2 = 0.1199± 0.0027 [21], we obtain in Fig. 6 limits on the mass of σ0 for the parameters
used in Fig. 4, with Tβ = 10, rλ = −0.3, λD = 0.13, and MH± = MH0 = 300 GeV. According
to Fig. 4, we use for λ′ random values between 0.02 and 0.08. First, we see that for very
small values of Mσ (below 5 GeV), large DM relic density is obtained, with values above
the experimental limit described by the horizontal band. Above this limit, we find points
into the experimental band. However, when the mass increases, there arises a resonance
around Mσ = 62 GeV due to the pole (2Mσ)
2 − M2h0 , which produces an excess of DM
annihilation through the process σ, σ → h0 → SM,SM mediated by the SM-like Higgs
boson. At the resonance, we only see few points consistent with the observed relic density,
which corresponds to the smallest allowed value of the DM-Higgs coupling λ′ ∼ 0.02. For
Mσ > 64 GeV, we do not find any allowed point, and the invisible Higgs decay into DM is
forbidden.
5.2 Direct detection
For DM masses above 6 GeV, the LUX collaboration [22] has obtained strong limits on
the spin-independent DM-nucleus elastic cross section, which impose additional constraints
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to the parameters of the model. In our case, the DM scatter off nuclei through t-channel
exchange of Higgs and neutral gauge bosons, as shown in Fig. 7. Since the couplings of
scalars to ordinary matter are the same as in a two-Higgs doublet model [8, 9], and in order
to avoid excess of flavor changing neutral processes, we use the parameters of a THDM
type II in the micrOMEGAs to describe the couplings of the Higgs bosons with the quark
structure of the nucleons, while the couplings of the gauge bosons and quarks are described
in ref. [9]. First, to study the effects of the constraints from the diphoton Higgs decay and
relic density, we take a large value for the mass of the Z ′ boson, MZ′ = 10000 GeV, and
set the couplings of the others Higgs bosons to be zero. We obtain in Fig. 8 on the left
the cross section as a function of the DM mass, where we select random points that only
satisfy the diphoton contraints. The experimental limit from LUX is also shown, where only
those points below the line satisfy the LUX limit. The plot on the right show points that
satisfy in addition the relic density constraint. In this case, for DM masses below 57GeV, the
data does not fit the LUX limit. However, to reproduce the observed relic density around
the region with Mσ0 = Mh0/2 ≈ 62 GeV, we must keep small values of the coupling λ′,
near the lower limit of 0.02, to compensate the Higgs resonance in the cross section for DM
annihilation. Thus, we obtain a large suppression of the DM scattering cross-section around
this region, as shown in the figure, obtaining allowed points for Mσ0 ≥ 57 GeV.
On the other hand, we obtain a similar region if we consider lower masses for the Z ′
gauge boson, for example, 3000 GeV, and take into account interactions with the others
Higgs bosons, where a large suppresion near the Higgs resonance arises, as shown in Fig.
9. However, due to the quantum interference among the Higgs bosons and the Z ′ channels,
the maximum suppresion shift to Mσ0 ≈ 57 GeV. In this case, the allowed region is above
Mσ0 ≥ 55 GeV.
6 The trilineal self-coupling
The trilineal Higgs self-coupling will be an important parameter to be measured at LHC in
order to prove the consistence between the observed and the SM Higgs boson [7]. In our
model, there arise scenarios where the trilineal coupling exhibits new physics deviation from
the SM prediction. As shown in Eq. (9), the trilineal coupling g3h is function of the same
parameters that contibute to the Higgs diphoton decay. Thus, the diphoton constraints can
be used in order to estimate the deviation of the Higgs self-coupling from the SM prediction.
Using the same parametrization as in (60), we obtain for the trilineal self-coupling in (9)
that:
g3h = 6υλD
[
CβC
3
α + SβS
3
α + rλ (CβSα + SβCα)CαSα
]
. (64)
By expanding to dominant order the relation between the rotation angles from Eq. (62), we
obtain that:
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g3h ≈ 6υλD
[
1− 1
2
S22β(1− rλ) +
υ2
2M2H±
C22βS
2
2βλD(1− rλ)(2rλ − 3)
]
=
3M2h0
υ
[
1 +
υ4
M2h0M
2
H±
C22βS
2
2βλ
2
D(1− rλ)(2rλ − 3)
]
(65)
where we applied the relation for Mh0 from (63). In the SM, the trilineal self-coupling is:
gSM3h =
3M2h0
υ
. (66)
Thus, by defining the fractional deviation as δg = (g3h − gSM3h )/gSM3h , we obtain from (65)
that:
δg =
υ4
M2h0M
2
H±
C22βS
2
2βλ
2
D(1− rλ)(2rλ − 3). (67)
Since rλ must take values below 1, the factor (1− rλ)(2rλ− 3) is always negative. Thus, the
deviation is negative, which implies that g3h ≤ gSM3h . On the other hand, we identify three
scenarios for the decoupling limit of the trilineal self-coupling, where g3h = g
SM
3h :
1. 2β = 0, pi/2 and pi. These angles lead us to Tβ = 0, 1 and going to infinity.
2. rλ = 1. In this decoupling limit, all the Higgs doublet couplings are the same (λD =
λ5 = λ
′
5).
3. M2H±  υ2, which corresponds to the traditional large-mass decoupling limit.
We see that Eq. (67) exhibits another decoupling limit when rλ = 3/2. However, due to
unitarity and stability, the parameter rλ can not be larger than 1.
On the other hand, the deviation in (67) is function of four unknown parameters:
(Tβ, λD, rλ,MH±). However, due to the analytical expression for the Higgs mass in (63),
we can reduce the number of free parameters into three. For example, if we solve for Tβ
as function of (λD, rλ) and by fixing MH± = 300 GeV, we can plot contour plots of δg in
the (λD, rλ) plane. Fig. 10 shows equally spaced contour plots. The line spacing is set in
-0.12, starting from δg = 0. We also show the allowed band region from the Higgs diphoton
decay data. The largest deviation compatible with the diphoton constraint is δg = −72%,
around λD = 0.35 and rλ = −1. Above δg = −24%, the contour plots exhibit two solu-
tions: first around (λD, rλ) = (0.27,−0.5), and later near (λD, rλ) = (0.2,−1). There are
also solutions compatible with null deviation (δg = 0) around (λD, rλ) = (0.17, 0.5) and
(λD, rλ) = (0.13,−0.13).
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7 Conclusion
Constraints on the scalar potential couplings of a nonuniversal U(1)′ extension of the SM
were obtained using unitarity and stability of the Higgs potential. Using recent data from
CERN-LHC collider, we obtain allowed points of the scalar parameters compatible with the
signal strenght of diphoton Higgs decay. We conclude that:
1. By combining the unitarity and stability conditions, we obtain individual bounds and
order relations between coupling constants. In particular, the scalar interactions of
the observed 125 GeV Higgs boson depends on the six parameters λ1,2,5, λ
′
5,6,7. The
theoretical constraints impose positive bounds on λ1,2, while λ5, λ
′
5 and λ1,2 holds
specific order relations. On the other hand, the couplings associated with the scalar
DM candidate, λ′6,7, are only bounded from below.
2. The observed diphoton Higgs decay at LHC imposes phenomenological constraints on
the above couplings as well as on other scalar parameters. Since the signal strenght
depends on the total decay of the Higgs boson there arises two possible scenarios. In
the first one, decays into DM is forbidden for masses above Mh0/2 ≈ 63 GeV. By
assuming that the lightest Higgs boson corresponds to the observed one, we obtain
very stringent bounds on the free parameters. In particular, small and negative values
of the ratio rλ is favoured, which implies that the mixing couplings between Higgs
doublets are suppresed as compared with the diagonal couplings. Since the diagonal
coupling λD must be positive because of the stability of the Higgs potential, negative
mixing couplings is favoured by the experimental data from diphoton decay. Also,
large values on Tβ above 5 exhibits larger allowed intervals. Finally, we observe that
the allowed points is not very sensitive to the heavy scale MH± .
3. In the scenario where the mass of the DM candidate is below the kinematical treshold
of 63 GeV, the signal strenght become sensitive to the couplings λ′6,7 = λ
′ and the mass
Mσ0 . We found allowed intervals consistent with LHC data on the diphoton decay in
an scenary where invisible decay into a light DM candidate is possible.
4. Using the above diphoton constraints, we evaluate the allowed masses for DM compat-
ible with the observable relic density of the Universe. For the range 0.02 ≤ λ′ ≤ 0.08
from Fig. 4, we found allowed masses in the range 5 GeV ≤ Mσ ≤ 62 GeV for light
scalar DM, with only a few allowed points around the resonance at 62 GeV.
5. Direct detection from the elastic DM-nuclei dispersion mediated by the t-channel Higgs
exchange was evaluated and compared with the experimental limits from LUX collabo-
ration. Using parameters compatible with the diphoton Higgs decay and the observed
DM relic density, we obtain the cross section as a function of the DM mass. The LUX
limit discard light DM below 57 GeV for MZ′ = 10000 GeV, and below 55 GeV for
MZ′ = 3000 GeV.
6. We evaluate deviations of the trilineal Higgs self-coupling from the SM prediction. By
combining the unitarity, stability and the Higgs diphoton decay constraints, we found
allow trilineal deviations in the range 0 ≤ δg . −72%.
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Table 1: Ordinary SM particle content, with i =1,2,3
Spectrum Gsm U(1)X Feature
qiL =
(
U i
Di
)
L
(3, 2, 1/3)
1/3 for i = 3
0 for i = 1, 2
chiral
U iR (3
∗, 1, 4/3) 2/3 chiral
DiR (3
∗, 1,−2/3) −1/3 chiral
`iL =
(
νi
ei
)
L
(1, 2,−1) −1/3 chiral
eiR (1, 1,−2) −1 chiral
φ1 =
(
ω+1
1√
2
(υ1 + h1 + iz1)
)
(1, 2, 1) 2/3 Scalar Doublet
Wµ =
(
W 3µ
√
2W+µ√
2W−µ −W 3µ
)
(1, 2× 2∗, 0) 0 Vector
Bµ (1, 1, 0) 0 Vector
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Table 2: Exotic non-SM particle content, with n =1,2
Spectrum Gsm U(1)X Feature
TL (3, 1, 4/3) 1/3 quasi-chiral
TR (3
∗, 1, 4/3) 2/3 quasi-chiral
JnL (3, 1,−2/3) 0 quasi-chiral
JnR (3
∗, 1,−2/3) −1/3 quasi-chiral
(νiR)
c (1, 1, 0) −1/3 Majorana
N iR (1, 1, 0) 0 Majorana
φ2 =
(
ω+2
1√
2
(υ2 + h2 + iz2)
)
(1, 2, 1) 1/3 Scalar doublet
χ0 =
1√
2
(υχ + h3 + iz3) (1, 1, 0) −1/3 Scalar singlet
σ0 =
1√
2
(υσ + h4 + iz4) (1, 1, 0) −1/3 Scalar singlet
Z ′µ (1, 1, 0) 0 Vector
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Figure 1: Allowed regions in the (Tβ, λD) plane, compatible with the diphoton Higgs decay
limits at ATLAS (black region) and CMS (gray region), for six values of the coupling ratio
rλ. The charged Higgs mass is fixed to be MH± = 300 GeV. The dashed line corresponds to
λD as function of Tβ obtained from Eq. (63) for Mh0 = 125.5 GeV.
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Figure 2: Allowed regions in the (λD, rλ) plane, compatible with the diphoton Higgs decay
limits at ATLAS (black region) and CMS (gray region), for three values of Tβ. The charged
Higgs mass is fixed to be MH± = 300 GeV. The dashed line corresponds to rλ as function of
λD from Eq. (63).
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Figure 3: Allowed regions in the (MH± , Tβ) plane, compatible with the diphoton Higgs decay
limits at ATLAS (black region) and CMS (gray region), for λD = 0.2. The coupling ratio is
fixed to be rλ = 0.
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Figure 4: Allowed regions in the (Mσ0 , λ
′) plane, compatible with the diphoton Higgs decay
limits at ATLAS (black region) and CMS (gray region), for λD = 0.13. The other parameters
are fixed to be: Tβ = 10, MH± = 300 GeV and rλ = −0.3.
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Figure 5: Allowed regions in the (λD, rλ) plane, compatible with the diphoton Higgs decay
limits at ATLAS (black region) and CMS (gray region), for three values of λ′ . The other
parameters are fixed to be: MH± = 300 GeV, Mσ0 = 60 GeV and Tβ = 10. The dashed line
shows the mass constraint from (63)
Figure 6: Relic density as function of Mσ with 0.02 ≤ λ′ ≤ 0.08 and Tβ = 10, MH0 = 300
GeV, rλ = −0.3 and λD = 0.13.
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Figure 7: DM-nuclei scattering mediated by t-channel exchange of Higgs bosons and neutral
gauge bosons.
Figure 8: Spin-independent cross section for DM-proton scattering. On the left, the scan
satisfies constraints only from diphoton Higgs decay limits, and on the right, the points
satisfy in addition the relic density bound. Here Tβ = 10, MZ′ = 10000 GeV, and the
couplings of the heavy Higgs bosons are set to be zero
26 R. Martinez, J. Nisperuza, F. Ochoa, J. P. Rubio, C.F. Sierra
Figure 9: Spin-independent cross section for DM-proton scattering that satisfies constraints
from diphoton Higgs decay limits and relic density bounds. Here Tβ = 10, MZ′ = 3000 GeV,
and we consider couplings of the DM with all the Higgs sector.
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Figure 10: Contour plots of δg with -0.12 line spacing starting from 0. The bands corresponds
to the Higgs dipoton decay constraints.
